Abstract
Introduction
It has been reported that approximately 1 million Australians have diabetes [1] . It is widely regarded that the presence of type 2 diabetes increases the risk of associated microvascular and macrovascular complications which may affect various systems involving the heart, eyes, kidneys and feet [1] .
Peripheral neuropathy affects the peripheral sensory nerves, and may include painful symptoms such as burning, deep aching, constricting and throbbing along with non-painful symptoms such as numbness, tingling, extreme sensitivity, or feelings of deadness within the lower limb [2, 3] . The sensory loss associated with peripheral neuropathy increases the risk of foot ulceration and associated amputation [4] .
The presence of peripheral neuropathy is associated with a diminished quality of life that is thought to be due to the loss of sensation in the extremities, painful or disruptive symptoms, and difficulties with functional tasks which impact on the ability to perform activities of daily living [5] . The decline in functional capacity and quality of life together with the possible ulceration, amputation and loss of strength are important issues which must be managed in people with type 2 diabetes and peripheral neuropathy.
Physical activity and exercise is a well-established treatment option for people with type 2 diabetes.
Physical activity and exercise has not only been shown to provide various biological benefits in people with type 2 diabetes [6, 7] , but may also improve their quality of life [8] . It is recommended that people with type 2 diabetes should undertake 150 minutes of at least moderate intensity physical activity per week [9] . However the disruptive symptoms and reduced functional capacity in those who also experience peripheral neuropathy may inhibit their ability to participate in physical activity.
Given the various advantages of physical activity, it is important to understand whether or not people with type 2 diabetes and peripheral neuropathy are participating in regular physical activity, and to what extent.
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Therefore, the purpose of this study was to survey the level of self-reported physical activity in people with type 2 diabetes, with and without peripheral neuropathy using the International Physical Activity Questionnaire (IPAQ).
Methods

Participants
Participants were recruited from a diabetes member organisation in South Australia through several mail-outs using random sampling. The inclusion criterion was having type 2 diabetes and there were no exclusion criteria. Participation was voluntary and anonymous and the return of the questionnaire was deemed as consent. Ethical clearance was obtained from the University of South Australia (UniSA) Human Research Ethics Committee (P374/08).
Description of questionnaire
The short self-administered IPAQ [10] was used to assess physical activity. The IPAQ focuses on the amount of physical activity performed over the past seven day period. The IPAQ includes questions about the time spent engaging in vigorous physical activity, moderate physical activity and walking.
Within these domains participants are asked to consider all types of physical activity including activities performed during leisure time, domestic and gardening activities, work related activities and transport related activities.
The IPAQ is shown to be reliable (ρ = 0.76) and at least as valid as other physical activity measures (concurrent= 0.58; criterion= 0.30 against Computer Science Accelerometer) [10] . Although it was originally intended that the IPAQ be used for adults aged between 18-65 years, it has since been tested on older adults to assess its' suitability. Several articles have supported its use on older adults over 65 years of age with suitable reliability (ICC = 0.47-0.94) and validity (ρ = 0.28-0.53) being demonstrated across all domains of the IPAQ [11] [12] [13] .
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The data obtained from the IPAQ was used to estimate the total amount of physical activity completed in a seven day period by weighting the reported minutes per week in each domain by a MET (metabolic equivalent) energy expenditure estimate. The weighted MET-minutes per week were then calculated by multiplying the duration (minutes), frequency (days) and MET intensity, and then summing across the three domains, namely vigorous, moderate and walking to produce a weighted estimate of total physical activity per week (MET . min . wk -1 ) ( Table 1) [10].
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Procedures
The questionnaire was mailed to 4000 individuals who were also asked to provide their age, sex, the number of years since diagnosis of type 2 diabetes, and whether or not they had been diagnosed by their medical officer as having peripheral neuropathy as a complication of their type 2 diabetes.
Data Analysis
Data from the IPAQ were processed according to the IPAQ author's instructions which included the following recommendations [14] . If 'don't know/not sure' was selected or if data were missing, that case was removed from the analysis. Physical activity data which was unreasonably high were considered outliers and excluded from analysis. This included any case by which the total activity time was greater than 960 minutes (16 hours) per day, assuming an average person sleeps for eight hours per day. Those who reported less than ten minutes of activity per day in any domain were recoded to zero minutes based on evidence that suggests that physical activity in minimum bouts of ten minutes is required to achieve health benefits. Finally, data was truncated in an attempt to normalise the distribution of the three domains of physical activity. It was recommended that any domain exceeding three hours or 180 minutes per day, be re-coded to 180 minutes, permitting a maximum of 21 hours of activity in a week to be reported for each domain [14] .
Assessment of the data revealed that it was not normally distributed, and thus a logarithmic transformation was performed in order to use parametric statistics. Independent two-sample t-tests were used to detect differences between those who had been diagnosed with peripheral neuropathy compared to those who had not. Data is presented using medians (Mdn) and inter-quartile ranges (IQR). Descriptive statistics (means and standard deviations) were used to describe the age and years since diagnosis of type 2 diabetes of the participants.
The reported minutes per week of moderate and vigorous activities were used to determine if participants were meeting the recommended physical activity levels of 150 minutes of at least moderate physical activity per week [9] . unknown), and 11.4% identified as being diagnosed with peripheral neuropathy.
Results
Demographics
The characteristics of the participants by sex and presence of peripheral neuropathy are shown in Table 2 . The age of the participants ranged between 33-83 years with the male respondents being significantly older than the females respondents (M = 64.1 ± 7.9, 95% CI = 63.2 -65.1 years).
Respondents who had indicated they had been diagnosed with peripheral neuropathy were significantly older than those with type 2 diabetes alone, with the time since diagnosis of type 2 diabetes also being significantly longer (M = 12.0 ± 9.5, 95% CI = 9.3 -14.6 years).
Physical activity
There were 450 participants (93.5%) from the total sample (n = 481) who reported they had completed at least 10 minutes of physical activity during the previous 7-days. People with type 2 diabetes and peripheral neuropathy participated in significantly less physical activity compared to those with type 2 diabetes alone (p = 0.04) ( Table 3 ). There were 31 participants or 6.4% of the total sample (n = 481) who reported that they had not participated in any physical activity at a walking, moderate or vigorous intensity during the previous 7-days.
Of the total sample, 47% (n = 228) indicated they had engaged in at least 10 minutes of vigorous physical activity during the past 7-days, 57% (n = 274) had engaged in at least 10 minutes of moderate activity, and 90% (n = 433) had engaged in at least 10 minutes of walking. There were no 8 significant differences in the amount of vigorous, moderate or walking activity completed by those with and without peripheral neuropathy (Table 3) .
Walking was the preferred activity for all participants and contributed the highest proportion of activity for all participants (Table 4) . A total of 29% (n = 131) of participants indicated walking was the only form of physical activity they had engaged in during the previous 7-days.
Using the minutes per week data for each of the intensities within the IPAQ, each participant could be classified as either adhering or not adhering to physical activity recommendations of 150 minutes per week of at least moderate intensity [8] . The results indicated 57% of all respondents met these recommendations. Less than half (49%) of people with type 2 diabetes and peripheral neuropathy met physical activity recommendations, compared to 57% of people with type 2 diabetes alone.
Discussion
In this study we surveyed self-reported physical activity in people with type 2 diabetes and type 2 diabetes and peripheral neuropathy and found that the latter were significantly less active. A total of 51% of respondents with type 2 diabetes and peripheral neuropathy did not meet physical activity recommendations of 150 minutes of at least moderate intensity activity per week.
There appears to be limited published information on self-reported physical activity in people with type 2 diabetes and peripheral neuropathy. Van Schie et al. [15] used accelerometry to assess the level of physical activity in people with peripheral neuropathy, whilst comparing these results with selfreported physical activity assessed using the IPAQ. The authors found that participants reported almost twice as much physical activity compared to the current study, with a median of 2517 (IQR = 686, 10,016) MET-min/wk. A possible reason for the difference in results between the two studies may be that the inclusion criteria used by Van Schie et al. [15] stipulated that participants had to be able to walk for at least four minutes. The present study did not have any inclusion criteria of this nature and therefore the sample may have included more sedentary or functionally impaired 9 individuals with any activity of less than ten minutes duration being recoded to zero minutes that would further decrease the median value.
Though no studies have compared the self-reported physical activity levels of people with type 2 diabetes compared to type 2 diabetes and peripheral neuropathy using the IPAQ, the two groups have been compared using objective measures [16] . Van Sloten et al. [16] found that when assessing physical activity using a pedometer, those with peripheral neuropathy took significantly less steps per day compared to those without peripheral neuropathy. This is in agreement with the current study which found people with peripheral neuropathy were significantly less active than those with type 2 diabetes alone.
A total of 49% of respondents with type 2 diabetes and peripheral neuropathy met physical activity recommendations. Walking was the most preferred type of activity of all participants, however walking was not included as a contributor to physical activity recommendations. Therefore despite many respondents being physically active it appears it was not at a high enough intensity. Though no other studies appear to have reported the proportion of people with type 2 diabetes and peripheral neuropathy who meet physical activity recommendations, several have reported adherence levels to physical activity recommendations in people with type 2 diabetes alone to be between 25% and 41.7% [17] [18] [19] [20] . However these studies have substantially larger sample sizes (between n = 648 to n = 20,000) compared to the current study and furthermore, comparison of such studies should be done with caution as researchers have found that varying the frequency and duration requirements of the scoring algorithms can yield different results [21, 22] .
Study limitations and future recommendations
It is recommended that further research be conducted using a larger sample by targeting people with type 2 diabetes and peripheral neuropathy. The use of a sub-set of participants with type 2 diabetes meant only a small proportion (11.4%, n = 55) identified as having peripheral neuropathy thus limiting the sample. The overall response rate of 15.1% was lower than expected despite numerous attempts to remind participants to respond, and as such this limitation must be considered when making generalisations. Another limitation of this study is the use of self-reported physical activity questionnaires which may lead to recall bias. Although self-report measures are deemed appropriate for large scale surveys, further research may also indicate the use of objective measures of physical activity, such as accelerometry to support these results.
Conclusions
This study estimates the self-reported physical activity in people with type 2 diabetes and those who have peripheral neuropathy as a complication of their type 2 diabetes. It was identified that people with type 2 diabetes and peripheral neuropathy had lower levels of physical activity compared to those with type 2 diabetes alone. The most prevalent form of physical activity was walking, which lead to many participants not meeting physical activity recommendations as they were not doing enough activity at a moderate intensity. It is therefore important to promote the use of moderate intensity physical activity in this population, given its positive effects on the biological, sociological and psychological outcomes of peripheral neuropathy. 
